Abstract-The IEEE 802.16 standard defines WiMAX (Worldwide Interoperability for Microwave Access) mesh network, using the base station (BS) as a coordinator for centralized scheduling. This paper proposes a centralized scheduling algorithm by constructing routing tree in WiMAX mesh network, which introduces the cross-layer concept between the media access controller (MAC) and the network layers. The Interference, Hop-Count, Spatial Reuse and Quality of Services (QoS) guarantee are considered. In our scheme, each node has one transceiver and can be tuned between multiple channels, intending to eliminate the secondary interference. The result of analysis shows this algorithm greatly improves the length of scheduling, channel utilization ratio (CUR) and average transmission scheduling.
INTRODUCTION
WiMAX (Worldwide Interoperability for Microwave Access) [1] is an emerging wireless communication system that is expected to provide high data rate communications in metropolitan area networks (MANs). In the past few years, the IEEE 802. 16 working group has developed a number of standards for WiMAX [2] . The first standard was published in 2001, which aims to support the communications in the 10 [3] adopted interference-aware cross-layer to increase the throughput but did not consider bandwidth request. Harish and Vinod [4] produced algorithm for routing and centralized scheduling and found that the shortest path routing tree provide good performance in reducing interference. A scheduling scheme using multi-path routing is presented in [5] which can improve the system performance, but it is not well conformed to the WiMAX standard. M. Peng et al [6] designed cross layers between Network, M\AC and Physical layers. They also proposed multi-channel scheduling algorithm but he did not focus on routing tree [11] . Bo Han [7] designed scheduling algorithm for 802. 16 by considering the relay model using single channel but did not consider bandwidth request [7] . Lu [8] took into account both interference and bandwidth request for each node during the construction of tree routing but considered only the interference at the receiver [8] . Du [9] constructed multi-channel system in the scheduling algorithm but did not focus on routing tree. Jiao [10] designed centralized scheduling, routing tree by constructing under multi-channel system but did not consider bandwidth request for each node. Sayenko [12] proposed a scheduling algorithm considering the bandwidth request and QoS but in PMP WiMAX.
The rest of this paper is organized as follows. In section II, we will present an overview of scheduling in WiMAX mesh network. In section III, we will describe the benefit of using Multi-Channel system. In Section IV we will explain in detail the construction of routing tree using multi-channel assignment and centralized scheduling. Section V presents the expected simulation result and we conclude the paper in Section VI.
II. SCHEDULING IN WIMAX MESH NETWORKS
In the WiMAX mesh mode, there are two scheduling methods: distributed scheduling and centralized scheduling. Distributed scheduling is also classified in two kinds: coordinated and uncoordinated distributed scheduling. The coordinated one used for coordinating their transmission extended two hop neighboring but the uncoordinated scheduling used for temporary burst between a pair of neighboring nodes like an ad-hoc network [12] . The centralized scheduling used to schedule the transmission from the BS to the SSs (downlink) or vice versa (uplink). In the centralized scheduling, every SS send its bandwidth request with the message MSH-CSCH (Mesh Centralized Scheduling): request. After the BS receives this request message, it will collect the resource request and send a resource allocation to each SS through the MSH-CSCH: grant. There is another message used for sending the routing tree and scheduling configuration to all SS, it is MSH-CSCF (Mesh Centralized scheduling configuration).
We focus only on the centralized scheduling because our traffic is between the SSs to the BS and we will consider only the uplink traffic because it is more complicated than the downlink traffic. In the downlink, the BS is the only one that transmits. The packets are broadcasting to all SSs and only the SS picks up the packets that destined to it. On the contrary, in uplink traffic a lot of SSs transmit to BS and the BS allocate time slot to each SS that will be transmit data [12] . The main objective of scheduling is transmitting the data to /or from the BS in a collision free transmission.
III. BENEFIT OF MULTI-CHANNEL SYSTEM
Wireless network uses a shared medium to communicate to each other. In single channel TDD (Time Division Duplex) network any transmission must follows the principle that there must be only one receiver among the neighborhood of a transmitter and there must be only one transmitter among the neighborhood of a receiver [13] . So Obviously the primary interference can not be eliminated because we are using single transceiver, but the secondary interference, can be eliminate by using multi-channel single transceiver in each time slot. Different SSs can work on different channels at same time to eliminate the secondary interference, so that we will have a lot of SSs working at same time. The benefit of multi-channel system assignment algorithm is presented in Figure 1 . Figure l(a) shows the routing tree and mesh topology, the solid line represent the routing tree and dashed line represent the mesh topology while Figure 1(b) shows the channels assignment on the routing tree, that linked SS1 to BS (link 1) and link SS2 to BS using the same channel (denoted as link Number 1) because they have primary interferences and the same goes for for links SS3 to SS1, SS4 to SS1 (denoted as link Number 2). Link SS3 to SS1 and link SS5 to SS2 use different channel because they have secondary interference and similarly for links SS4 to SS1, SS6 to SS5. Links SS5 to SS2 and SS6 to SS5 use the same channel because they are adjacent (denoted by link Number 3). IV. CONSTRUCTING ROUTING TREE CENTRALIZED SCHEDULING AND USING MULTI-CHANNEL SYSTEM IN 802.16d. This algorithm consists of three steps: Constructing routing tree, channel assignment strategy algorithm and centralized scheduling algorithm.
A. Constructing Routing Tree The primary focus of our algorithm is to provide scalable routing in the presence of static node. The network topology is a tree rooted to the BS and the problem is to select the best root for the all SSs (source) to the BS (destination). One of the major problems in the wireless communication is dealing with interferences from transmission of the neighbouring nodes. In this procedure we need to take into account two parameters, i.e the interference from the neighbouring node (number of neighbouring nodes) and number of packets for each node along the root to the BS. In developing the procedure we will also apply four rules as follows:
1. Always select the sponsoring nodes from the upper level (Minimum hop-count to the BS). 2. Number of blocked node for each node (number of neighbouring nodes). 3 . Number of packets for each node 4. Blocking metric for each node: number of blocked node multiply by number of packets.
After that we calculate the blocking metric for each path by summing the blocking metric for all the nodes along the path to the BS. Finally the path with minimum blocking metric will be selected. The routing tree construction algorithm can be illustrated as shown in Figure 2 . Figure 2 (a) depicts the WiMAX mesh topology. In Figure  2 (b) we assume all the nodes have one packet, so that the construction of routing tree will depend only on the interference from neighbouring node. In Figure 2 (c) we assume random number of packets per each node (from 1 to 3 packets).In Figure 2 
B. Channel Assignment Algorithm
We will used the same techniques that we explained in section 3 in a multi channel system using single transceiver in which each node can support one channel in each time slot. However, we can tune it to another channel in another time slot. The adjacent node should use the same channel so that are connect to each other. By using our algorithm we can eliminate the secondary interference, hence reducing the length of scheduling, CUR (Channel Utilization Ratio) and the average delay transmission because a lot of nodes transmit at same time slot (using different channel). But we can not reduce the primary interference because we are assuming single transceiver.
The switching delay which is occurred when a transceiver tuned between the channels is ignored because it is too small. We first should assign the channels on the edge set of the routing tree. Starting with the SS nearest to the BS following the node ID (Identifier) we can start the channel assignment algorithm with the ID equal 1 which the nearest to the BS before choosing the next ID. The nodes that have primary interference take the same channel but the nodes that have secondary inferences used another channel. There are a lot of selection criteria to select the links to send the data: random, minimum interference, Nearest to BS (hop count) and Farthest to BS. We used Nearest to BS algorithm because this common criteria use by other researchers. Furthermore since all the SSs send the data to the BS (relayed by the nodes that near the BS)there will be a lot of traffic near the BS so that using Nearest to BS algorithm give high priority to the nodes near the BS to send the data. We will select the nodes in the same level (same hop-count to the BS) depending 
B. Simulation Setup
We have proposed the construction of routing tree centralized scheduling using multi-channel single transceiver in 802. 16 considering the relay model in the scheduling algorithm. We compare our result with the same algorithm using single channel system. We use MatLab simulator to evaluate the performance metrics. We locate the BS at the centre of the simulation area. We obtain the result in two ways: the first one all the SSs have equal traffic, the second one the traffic for each SS selected randomly from 1 to 3 packets. The number of nodes is increase from 10 to 120 with step of 10. 
No. of Nodes (a) Number of packets 1 for each SS.
No. of packets =1 to 3 
C. Expected Simulations Result
This proposal is at preliminary stage, hence no simulated results are available. However based on the analytical study we anticipate the results as follows. Figure 3 gives the result for the length of scheduling. Figure 3(a) gives the result when all the SSs have one packets; Figure 3 
VI. CONCLUSION
We have proposed a routing tree centralized scheduling using multi-channel single transceiver for IEEE 802.16. We consider the interference neighboring nodes and traffic load per each node in constructing the Routing Tree and considering the interference neighboring nodes, traffic load, hop-count, node ID and the relay model in the scheduling design. We compare our proposed scheme with a single-channel scheduling algorithm. Our findings show that we have improved the system performance through reduced length of scheduling, reduced average delay in transmission scheduling and improved CUR (Channel Utilization Ratio).
